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ABSTRACT 



A chopper stabilized current amplifier circuit is disclosed. 
The current amplifier circuit includes a main operational 
transconductance amplifier, a nulling transconductance 
amplifier, two capacitors, four switches, and a timing control 
circuit. The timing control circuit uses analog inverters to 
decrease the slew rate of the switching of the switches to 
decrease the noise in the system. 

15 Claims, 5 Drawing Sheets 
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FIG. 1 

(PRIOR ART) 
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CHOPPER STABILIZED OPERATIONAL 
TRANSCONDUCTAN CE AMPLIFIER 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

This invention relates to current amplifiers and specifi- 
cally to operational transconductance amplifiers (OTA) t and 
more specifically to chopper stabilized operational transcon- ^ 
ductance amplifiers. 

2. Description of the Relevant Art 

The problem addressed by this invention is encountered in 
designing a current amplifier with a low offset current. 
Conventional techniques for building low-offset OTA's 15 
through careful matching and layout have limited effective- 
ness in MOS circuits, where threshold variations can occur 
between otherwise matched devices. Threshold variations 
are independent of other device characteristics and there- 
fore, can be nulled only by direct measurement of the offset 20 
and the subsequent cancellation of the offset. 

FIG. 1 shows a conventional arrangement of two opera- 
tional amplifiers (opamps) in which the offset of one opamp 
is measured and subsequently canceled using the feed for- 
ward technique known in the art as chopper stabilization and 25 
is described in the IEEE Journal of Solid State Circuits Vol. 
SC-16, N0.6 December 1981. Using the circuit in FIG. 1, the 
nulling amplifier 10 alternately zeros itself and the main 
amplifier 12, storing correction voltages on capacitor 14 and 
16. More specifically, capacitor 14 is charged with the error 30 
voltage of nulling amplifier 10 when switches 4 and 6 are 
closed and switches 2 and 8 are open. Then, switches 4 and 
6 open while switches 2 and 8 close to charge capacitor 16 
to the error voltage. These error voltages on capacitors 14 
and 16 drive the offset adjustment inputs (n) of the amplifiers 35 
10 and 12, respectively. When switches 4-6 and 2-8 are 
switched at high frequencies, the response of the system 
reduces to that of the main amplifier 12 alone. 

While this the prior art technique is useful for voltage 
opamps, it is problematic when used on operational 40 
transconductance amplifiers. Additionally, it has been 
observed that switching switches as described in the prior art 
creates undesired noise in an OTA system. 

Therefore, it is an object of the invention to have a current ^ 
amplifier circuit with a low offset voltage. 

It is further an object of this invention to have a current 
amplifier circuit with low noise. 

It is further an object of the invention to improve upon 
prior art chopper stabilized circuits by modifying known 50 
techniques so that they can work with OTA's. 

SUMMARY OF THE INVENTION 

The present invention meets the objects by providing a 55 
current amplifier circuit by modifying the chopper stabilized 
opamp technique such that it works for operational transcon- 
ductance amplifiers. The circuit includes a main OTA, a 
nulling OTA, four switches, two capacitors, and a timing 
control circuit. The OTA's, switches, and capacitors are 60 
configured such that the offset current of the nulling ampli- 
fier is stored on one of the capacitors and then the offset is 
subtracted from the nulling and main OTA. To reduce the 
noise caused by the switching of the signals, analog inverters 
are use in the Liming control circuit to increase the slew rate 65 
of the signals which drive the switches. Also, the timing of 
the switches are overlapped to further reduce the noise. 
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BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a chopper stabilized voltage amplifier as known 
in the prior art. 

FIG. 2A is a block diagram of a current amplifier circuit 
in accordance with the present invention. 

FIG. 2B is a timing diagram for the operation of the 
switches in FIG. 2A. 

FIG. 3 is a schematic drawing of the timing control circuit 
and the switches of the current amplifier circuit in accor- 
dance with the present invention. 

FIG. 4 is a schematic drawing of the analog inverter of the 
timing control circuit in accordance with the present inven- 
tion. 

FIG. 5 is a schematic drawing of the nulling OTA of the 
current amplifier circuit in accordance with the present 
invention. 

FIG. 6 is a schematic drawing of the main OTA of the 
current amplifier circuit in accordance with the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to FIG. 2a, a current amplifier circuit 
constructed according to a the preferred embodiment of the 
invention will be described. The current amplifier circuit has 
a main OTA 20 with a non-inverting input connected to a 
positive signal In-i- and an inverting input connected to a 
negative signal In-. Switch swl has a conductive path 
between the non-inverting input of nulling OTA 22 and the 
signal In+ and is controlled by the timing control circuit. 
Switch sw2 is has a conductive path between the non- 
inverting input and the inverting input of the nulling OTA 22 
and is also controlled by the timing control circuit 24. The 
inverting input of hulling OTA is connected to the In- signal. 
Switch sw3 has a conductive path between the output of the 
nulling OTA and the first plate of capacitor cl which is 
connected to the offset adjustment input of the nulling OTA. 
Switch sw3 also is controlled by timing control circuit 24. 
The second plate of capacitor cl is connected to a voltage 
reference, ground. Switch sw4 has a conductive path 
between the output of nulling OTA 22 and the first plate of 
capacitor c2 which is also connected to the offset adjustment 
input of the main OTA 20, and is controlled by the timing 
control circuit 24. The second plate of capacitor c2 is 
connected to ground. 

In operation, the timing control circuit switches switch 
swl, sw2, sw3, and sw4 in accordance with table 1 below at 
a rate of around 100,000 hertz. The relative timing of the 
switching is illustrated in FIG. 2b. 



Phase 


1st Switch 


2nd Switch 


3rd Switch 


4th Switch 


1 


open 


close 


close 


open 


2 


close 


close 


open 


open 


3 


close 


open 


open 


close 


4 


close 


close 


open 


open 



During phase 1, the inputs to the nulling OTA 22 are 
connected together with closed switch sw2 while the output 
of the nulling OTA 22 is connected to capacitor cl through 
closed switch sw3. Therefore, the offset current is stored on 
capacitor cl and fed back into the offset adjustment input of 
the nulling OTA 22. 

During phase 2, switches sw3 and sw4 are open which 
prevents the capacitors cl and c2 from shorting together. 
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Also, switches swl and sw2 arc closed which prevents the 
nulling OTA 22 from sensing an open circuit. It has been 
determined that overlapping switches swl and sw2 in the 
closed state significantly reduces transient currents at the 
output of the hulling OTA 22. 

During phase 3, the nulling OTA 22 is receiving the 
differential input voltage Irri- and In- and is charging capaci- 
tor c2 in response to the input voltages. Capacitor c2 is 
connected to the offset adjustment input of main OTA 20 to 
adjust the offset. 

During phase 4, the transition is set up by turning on both 
input switches swl and sw2 while isolating capacitors cl 
and c2. After phase 4, the cycle is repeated at a rate of around 
100,000 hertz. At high frequencies, the response of the 
system reduces to that of the main amplifier 20 alone. 

During the four phases, either or both switches swl or 
sw2 are closed, with no phase during which both switches 
swl and sw2 are off. Therefore, the input to nulling OTA 22 
never senses a high impedance. Consequently, it has been 
observed that noise due to transient current spikes at the 
output of nulling OTA 22 is prevented. This circuit provides 
a chopper stabilized current amplifier with low chopper 
noise. 

Referring now to FIG. 3, a logic control circuit con- 
structed according to a the preferred embodiment of the 
invention will be described. The logic control circuit con- 
verts an input clock signal into the control signals for 
switches swl, sw2, sw3, and sw4 in the sequence described 
in table 1 above and the timing diagram in FIG. 2b. The logic 
control circuit is constructed by connecting the clock signal 
to the input of inverter gate 30 and connecting the output of 
inverter gate 30 to an input of nand gate 32. Nand gate 32 
has an inverted output connected to the non-inverting input 
of each of analog inverter 34 and analog inverter 42, and to 
the inverting input of analog inverter 38. The non-inverting 
output to nand gate 38 is connected to the inverting input of 
analog inverters 34 and 42 and to the non-inverting input of 
analog inverter 38. (The construction and operation of the 
analog inverters are described below and in FIG. 4). The 
output of analog inverter 34 is connected to the gates of 40 
n-channel transistors 64, 72, and 74 and the first plate of 
capacitor 36. The second plate of capacitor 36, 40, and 44 
are connected to ground. The output to analog inverter 38 is 
connected to the gates of n-channel transistors 66, 68, and 70 
and the first plate of capacitor 40. The output of analog 
inverter 42 is connected to the first plate of capacitor 44 and 
to the input of inverter gate 46. The output of inverter gate 
46 is connected to the first input of nand gate 48. The second 
input to nand gate 48 is connected to the clock signal. The 
inverted output to nand gate 48 is connected to the non- 
inverted inputs of analog inverters SO and 58 and to the 
inverted input of analog inverter 54. The non-inverted output 
to is connected to the inverted inputs to analog inverters 50 
and 58 and the non-inverted input of analog inverter 54. The 
output of analog inverted 50 is connected to the first plate of 55 
capacitor 52 and the gates of n-channel transistors 76, 84, 
and 86. The second plates of capacitors 52, 56, and 60 are 
connected to ground. The output of analog inverter 54 is 
connected to the first plate of capacitor 56 and to the gates 
of n-channel transistors 78, 80 and 82. The output to analog 
inverter 58 is connected to the first plate of capacitor 60 and 
the input of inverter gate 62. The output of inverter gate 62 
is connected to the second input of nand gate 32. Analog 
inverters 43, 38, 42, 50, 54, and 58 are to and powered by 
current sources 88 and 90. 

In operation, the transistors 64, 66, and 68 operate as 
switch sw3 of FIG. 2a. Likewise, transistors 70, 72, and 74 
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operate as switch swl, transistors 76, 78, 80 operate as 
switch sw4, and transistors 82, 84, and 86 operate as switch 
sw2. The timing control circuit 45 cascades the clock signal 
through the timing control circuit 45 such that the switches 
are controlled in accordance to table 1 above and the timing 
diagram in figure. The sequence of control is more specifi- 
cally described in the timing control diagram of FIG. 2b. 

In switch sw3, the conductive path is the source-drain 
path of n-channel transistor 64. Transistors 66 and 68 are 
configured in the switch to provide charge balancing which 
effectively decreases the slew rate of transistor 64. Conse- 
quently, the noise in the current amplifier is reduced. Simi- 
larly, transistors 70, 82, and 76 provide the source-drain 
current path for switches swl, sw2, and sw4, respectively. 
Transistors 72-74, 84-86, and 78-80 provide the charge 
balancing for switches swl, sw2, and sw4, respectively. 

Noise from the timing control circuit is also reduced by 
reducing the slew rate of analog inverters 34, 38, 42, 50, 54, 
and 58. The slew rate is reduced by current limiting the 
power to the analog inverters by powering the analog 
inverters with current sources 88 and 90 and by loading the 
outputs with capacitors 36, 40, 44, 52, 56, and 60. By current 
limiting the analog inverters and loading their outputs, the 
switches are controlled with an analog signal which has a 
relatively slow slew rate which reduces the noise in the 
current amplifier circuit. 

Referring now to FIG. 4, an analog inverter 101 con- 
structed according to a the preferred embodiment of the 
invention will be described This analog inverter is used in 
the timing control circuit 45 in FIG. 3 as analog inverters 34, 
38, 42, 50, 54, and 58. The source of a current source 100 
is connected to the drain and body of an p-channel transistor 
102. The source of transistor 102 is connected the drain of 
n-channel transistor 104 and the output node 103. The gates 
of transistors 102 and 104 are connected to input node 105. 
The source of transistor 104 is connect to its body, the body 
of transistor 110, and to the drain of current source 106. 
Node 103 is also connected to the source and drain of 
transistor 108 and the source and drain of transistor 110. The 
gates of transistors 108 and 110 are connected to input node 
109 which receives the inverted Vin signal. 

In operation, the analog inverter 101 operates like a digital 
inverter with an slow output. When node 105 is high and 
node 109 is low, node 103 is low. Conversely, when node 
105 is low and node 109 is high, node 103 is high. Tran- 
sistors 102 operate together as a typical inverter as is known 
in the art. However, transistors 108 and 110 are configured 
to provide charge balancing by acting as body to source and 
body to drain capacitors which effectively reduce the slew 
rate of the output. The current sources 100 and 106 provide 
additional reduction in slew rate by limiting the current 
available to the inverter. Consequently, analog inverter 101 
operates as an inverter with a relatively slow transition time. 

Referring now to FIG. 5, the main OTA 20 constructed 
according to a the preferred embodiment of the invention 
will be described. The first end of resistor 120 is connected 
to Vcc and the second end is connected to the emitter of PNP 
transistor 122. The base of transistor 122 is connected to its 
collector and to the base of PNP transistors 128, 136, 148, 
and 162 and to the drain to N-channel transistor 124. The 
base of transistor 124 is connected to an enable signal while 
its source is connected to a bias current circuit. 

The first end of resistor 126 is connected to Vcc while the 
second end of resistor 126 is connected to the emitter of PNP 
transistor 128. The collector of transistor 128 is connected to 
the collector of transistor of NPN transistor 130. The base of 
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transistor 130 is connected to its collector and to the base of 
NPN transistor 152. The first end of resistor 132 is connected 
to the emitter of resistor 130 while the second end of resistor 
132 is connected to voltage reference, ground. 

The first end of resistor 134 is connected to Vcc while the 
second end of resistor 134 is connected to the emitter of PNP 
transistor 136. The collector of transistor 136 is connected to 
the collector of transistor 148, to the drain of P-channel 
transistor 138, and to the emitter of PNP transistor 140 and 
the emitter of PNP transistor 150. The first end of resistor 
146 is connected to Vcc while the second end of resistor 146 
is connected to the emitter of transistor 148, The base of 
transistor 140 is connected to the base and collector of 
transistor 150 and to the gate of PNP transistors 158 and 164 
and to the collector of transistor 158. The collector of 
transistor 140 is connected to the collector and base of NPN 
transistor 142. The emitter of transistor 142 is connected to 
the first end of resistor 144 while the second end of resistor 
144 is connected to ground. The gate of transistor 138 is 
connected to the input voltage signal while the drain of 20 
transistor 138 is connected to ground. 

The first end of resistor 160 is connected to Vcc while the 
second end of resistor 160 is connected to the emitter of 
transistor 162. The collector of transistor 162 is connected 
the collector of PNP transistor 172, the drain of P-channel 
transistor 156, the emitter of PNP transistor 164 and the 
emitter of PNP transistor 158. The gate of transistor 156 is 
connected to the inverted input voltage signal while the 
drain of transistor 156 is connected to ground. The collector 
of transistor 164 is connected to the collector and base of 
NPN transistor 166. The first end of resistor 168 is connected 
to the emitter of transistor 166 while the second end of 
resistor 168 is connected to ground 

The first end of resistor 170 is connected to Vcc while the 
second end of resistor 170 is connected to the emitter of 
transistor 172. The first end of resistor 174 is connected to 
Vcc while the second end of resistor 174 is connected to the 
emitter of PNP transistor 176. The base of transistor 176 is 
connected to its emitter, the base of transistor 172, and the 
drain of N-channel transistor 178. The gate of transistor 178 
is connected to the offset adjustment signal. The first end of 
resistor 180 is connected to the source of transistor 178 
while the second end of resistor 180 is connected to the first 
end of resistor 182. The second end of resistor 182 is 
connected to the first end of resistor 184 while the second 
end of resistor 184 is connected to ground. 

The drains of P-channel transistors 186 and 188 are 
connected to Vcc. The gates of transistors 188 and 186 and 
the source of transistor 186 are connected to a bias current 
signal. The source of transistor 188 is connected to the 
regulator 190. The output to regulator 190 is connected to 
the first ends of resistor 192 and resistor 200. The second end 
of resistor 192 is connected to the emitter of PNP transistor 
194. The base and collector of transistor 194 is connected to 
the base of PNP transistor 202 and to the collector of NPN 
transistor 196. The emitter of transistor 196 is connected to 
the first end of resistor 198 which has its other end connected 
to ground. The second end of resistor 200 is connected to the 
emitter of transistor 202. The collector of transistor 202 is 
connected to the collector of NPN transistor 204 and the 
output node of the main OTA. The emitter of transistor 204 
is connected to the first end of resistor 206 which has a 
second end connected to ground. 

In operation, the main OTA basically has an input stage 65 
and an output stage. The input stage , is comprised of a 
differential input stage, which has a non-inverted input stage 
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and an inverted input stage, the current bias circuit, and the 
offset input stage. 

The non-inverted input stage is comprised of transistors 
138, 140, 142, and 150. The inverted input stage is com- 
prised of transistors 156, 158, 164, and 164. When more 
voltage is on the non-inverting input In+ relative to the 
inverting input In-, then more current will flow through 
transistors 138, 140, 142, and 150 than transistors 156, 158, 
164, and 164. Conversely, when less voltage is on the 
non-inverting input relative to the inverting input, then less 
current will flow through transistors 138, 140, 142, and 150 
than transistors 156, 158, 164, and 164. 

When more current runs through transistor 142 than 
through transistor 166, the output stage supplies current 
since transistor 196 conducts more than transistor 204 which 
causes transistors 192, 194 and 202 to turn on more than 
transistor 204. Conversely, output stage provides less current 
or sinks current when transistor 196 conducts less current 
than transistor 204 since transistor 202 will be driving less 
current while transistor 204 is conducting more. 

The bias currents for the differential stage are set by 
transistors 122, 124, 128, 136, 148, and 162. More specifi- 
cally, a bias current signal is received by the source of 
transistor 124 which controls the current through resistors 
120 and transistor 122. Since the gates of transistors 122, 
128, 136, 148 and 162 are tied together, the current through 
transistor 122 is mirrored through to transistors 122, 128, 
136, 148 and 162. In the preferred embodiment, a bias 
current signal is selected such that around 10 microamps is 
conducted through transistor 122, 128, and 148, and around 
30 microamps through transistor 136 and 162. 

The offset input signal N is received by the gate of 
transistor 178 which controls the current in transistors 178 
which is current mirrored to 172. The bias current for the 
inverting input is generated through transistors 162 and 172. 
Transistor 162 supplies around 30 microamps and transistor 
172 is supplies around 10 microamps, depending in the 
offset input signal. Since the non-inverting input is biased 
with around 40 microamps, the differential input can be 
balanced with the offset input signal. 

The output stage is powered by transistors 186, 188, and 
regulator 190. The output current is either supplied by 
transistor 202 or sunk by transistor 204, depending on the 
base current of transistor 196 relative the base current 
transistor 204, as described above. 

Referring now to FIG. 6, the nulling OTA 22 constructed 
according to the preferred embodiment is described. Resis- 
tor 210 has a first end connected to Vcc and has a second end 
connected to the emitter of PNP transistor 212. The base to 
transistor 212 is connected its collector, to the emitter of 
PNP transistor 214, and to the bases of PNP transistors 218, 
228, 242, and 254. The gate of transistor 214 is connected to 
its collector, to the base of transistor 220, the base to PNP 
transistor 230, the base to PNP transistor 244, and the base 
to PNP transistor 256. 

One end of resistor 216 is connected to Vcc while the 
other end is connected to the emitter of transistor 218. The 
collector of transistor 218 is connected to the emitter of 
transistor 220. The collector of transistor 220 is connected to 
the collector and base of transistor 222. The emitter of 
transistor 222 is connected to the first end of resistor 224 
while the second end of resistor 224 is connected to a 
voltage reference, ground. The first end of resistor 226 is 
connected to Vcc while the second end is connected to the 
emitter of PNP transistor 228. The collector of transistor 228 
is connected to the emitter of transistor 230. The collector of 
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transistor 230 is connected to the collector of transistor 244, 
the drain of P-channel transistor 232, and the emitter of 
transistors 234 and 246. The gate of transistor 232 is 
connected to the non-inverting input signal while the source 
is connected to ground. 

The first end of resistor 240 is connected to Vcc while the 
second end is connected to the emitter of transistor 242. The 
collector of transistor 242 is connected to the emitter of 
transistor 244. The collector of transistor 234 is connected to 
the collector and base of NPN transistor 236 and the base of 
NPN transistor 292. The first end of resistor 238 is connected 
to the emitter of transistor 236 while the second end of 
resistor 238 is connected to ground. 

Tne first end of resistor 252 is connected to Vcc while the 
second end is connected to the emitter of PNP transistor 254. 
The collector of transistor 254 is connected to the emitter of 
transistor 256. The collector of transistor 256 is connected to 
the collector of PNP transistor 272 and the drain of P-chan- 
nel transistor 258 and the emitters of PNP transistors 260 
and 262. The gate of transistor 258 is connected to the 
inverting input signal while the source is connected to 
ground. 

The first end of resistor 268 is connected to Vcc while the 
second end is connected to the emitter of PNP transistor 270. 
The collector of transistor 270 is connected to the emitter of 
PNP transistor 272, The gates of transistors 260 and 262 are 
connected to the collector of transistor 260, the collector of 
transistor 246, the collector of NPN transistor 248. The base 
of transistor 248 is connected to the collector and base of 
transistor 222. The first end of resistor 250 is connected to 
the emitter of transistor 248 while the second end is con- 
nected to ground. The collector of transistor 262 is con- 
nected to the collector and base of NPN transistor 264 and 
the base of NPN transistor 300. The first end of resistor 266 
is connected to the emitter of transistor 264 while the second 
end is connected to ground. 

The first end of resistor 274 is connected to Vcc while the 
second end is connected to the emitter of PNP transistor 276. 
The collector and base of transistor 278 are connected to the 
base of transistor 272 and the drain of N-channel transistor 
280. The gate of transistor 280 is connected to the offset 
adjustment input signal. The source of transistor 280 is 
connected to the first end of resistor 282 while the second 
end is connected to the first end of resistor 284. The first end 
of resistor 286 is connected to the second end of resistor 284 
while the second end is connected to ground. 

The first end of resistor 288 is connected to Vcc while the 
second end is connected to the emitter of PNP transistor 290. 
The first end of 2.4K resistor 296 is connected to Vcc while 
the second end is connected to the emitter of PNP transistor 
298. The base of transistor 298 is connected to the base and 
collector of transistor 290 and the collector of transistor 292. 
The emitter of transistor 292 is connected to the first end of 
resistor 294 while the second end is connected to ground. 
The first end of resistor 302 is connected to the emitter of 
transistor 300 while the second end is connected to ground. 
The collectors of transistors 298 and 300 are connected to 
the output node 304 of the nulling OTA. 

In operation, the nulling OTA 22 is divided into a bias 
circuit, differential input, and output circuits. The bias circuit 
is comprised of the collector of transistor 214 receives the 
bias current which sets up the bias currents for the differ- 
ential inputs. Resistor 216, transistor 218, and transistor 220 
provide the bias current for transistor 222. Resistors 226 and 
240 and transistors 228, 230, 242, and 244 provide the bias 
current for transistors 234 and 236. Resistors 252 and 268 
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and transistors 254, 256, 270, and 272 provide the bias 
current for transistors 260, 262, and 264. Resistor 274 and 
transistors 276 and 278 provide the bias current for transistor 
280. 

The differential input of the nulling OTA is comprised of 
transistors 232, 234, 236, 246, 258, 260, 262, and 264. The 
gate of transistor 232 receives the non-inverting input while 
the gate of transistor 258 receives the inverting input signals. 
When the voltage on the non-inverting input is higher than 
the voltage on the inverting input, transistor 232 is turned off 
which turns on transistors 234, 236 and 292 proportional to 
the difference in voltage. This in turn turns on transistors 290 
and 298 which drives current through the output node of the 
OTA. Conversely, if the inverting input has a higher voltage 
than the non-inverting input, then transistors 260, 262, 264 
conduct more than 234, 236, and 246, which turns on 
transistor 300 which sinks current from the output node 304. 
Consequently, the output pin provides a current output 
proportional to the difference between the non-inverting 
input pin and the inverting input pin. 

In summary, the chopper stabilized operational amplifier 
as described in the invention offers the advantages of pro- 
viding a current amplifier circuit with a low offset voltage 
low noise. The invention to improves upon prior art chopper 
stabilized circuits by modifying known techniques so that 
they can work with OTA's. 

Although the invention has been described and illustrated 
with a certain degree of particularity, it is understood that the 
present disclosure has been made only by way of example, 
and that numerous changes in the combination and arrange- 
ment of parts can be resorted to by those skilled in the art 
without departing from the spirit and scope of the invention, 
as hereinafter claimed. 

We claim: 

1. A current amplifier circuit comprising: 

a nulling operational transconductance amplifier having 
an non-inverting input, having an inverting input, hav- 
ing an offset adjustment input, and having a current 
output; 

a first capacitor having a first plate connected to the offset 
adjustment input of said nulling operational transcon- 
ductance amplifier and having a second plate connected 
to a voltage reference; 

a main operational transconductance amplifier having an 
non-inverting input connected to a first input voltage, 
having an inverting input connected to a second input 
voltage, having an offset adjustment input, and having 
a current output; 

a second capacitor having a first plate connected to the 
offset adjustment input of said main operational 
transconductance amplifier and having a second plate 
connected to the voltage reference; 

a first switch having a conductive path between the 
second voltage and the non-inverting input to said 
nulling operational transconductance amplifier, and 
having a control element; 

a second switch having a conductive path between the 
non-inverting input of said nulling operational 
transconductance amplifier and the inverting input of 
said nulling operational transconductance amplifier and 
having a control element; 

a third switch having a conductive path between the 
output of said nulling operational transconductance 
amplifier and the offset adjustment input of said nulling 
operational transconductance amplifier and having a 
control element; 
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a fourth switch having a conductive path between the 
output of said nulling operational transconductance 
amplifier and the offset adjustment of said main opera- 
tional transconductance amplifier and having a control 
element; and 5 

a timing control circuit having a clock input for receiving 
a clock signal, having a first output connected to the 
control element of said first switch, having a second 
output connected to the control element of said second 
switch, having a third output connected to the control 10 
element of said third switch, and having a fourth output 
connected to the control element of said fourth switch, 
for causing said first, second, third, and fourth switches 
to conduct current such that the current amplifier circuit 
is chopper stabilized, 

wherein said timing control circuit controls said first, 
second, third, and fourth switches in four phases in 
accordance with the following table: 



Phase 


hi Switch 


2nd Switch 


3rd Switch 


4th Switch 


1 


off 


on 


on 


off 


2 


on 


on 


off 


off 


3 


on 


off 


off 


on 


4 


on 


on 


off 


off 



25 



2. A current amplifier circuit comprising: 

a nulling operational transconductance amplifier having 
an non-inverting input, having an inverting input, hav- 
ing an offset adjustment input, and having a current 
output; ~ 30 

a first capacitor having a first plate connected to the offset 
adjustment input of said nulling operational transcon- 
ductance amplifier and having a second plate connected 
to a voltage reference; 35 

a main operational transconductance amplifier having an 
non-inverting input connected to a first input voltage, 
having an inverting input connected to a second input 
voltage, having an offset adjustment input, and having 
a current output; 40 

a second capacitor having a first plate connected to the 
offset adjustment input of said main operational 
transconductance amplifier and having a second plate 
connected to the voltage reference; 

a first switch having a conductive path between the 45 
second voltage and the non-inverting input to said 
nulling operational transconductance amplifier, and 

. having a control element; 

a second switch having a conductive path between the 
non-inverting input of said nulling operational 50 
transconductance amplifier and the inverting input of 
said nulling operational transconductance amplifier and 
having a control element; 

a third switch having a conductive path between the 55 
output of said nulling operational transconductance 
amplifier and the offset adjustment input of said nulling 
operational transconductance amplifier and having a 
control element; 

a fourth switch having a conductive path between the 60 
output of said nulling operational transconductance 
amplifier and the offset adjustment of said main opera- 
tional transconductance amplifier and having a control 
element; and 

a timing control circuit having a clock input for receiving 65 
a clock signal, having a first output connected to the 
control element of said first switch, having a second 
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output connected to the control element of said second 
switch, having a third output connected to the control 
element of said third switch, and having a fourth output 
connected to the control element of said fourth switch, 
for causing said first, second, third, and fourth switches 
to conduct current such that the current amplifier circuit 
is chopper stabilized, 
wherein said timing control circuit further comprises a 
plurality of analog outputs for controlling said first, 
second, third, and fourth switches. 

3. The circuit of claim 2 wherein said plurality of analog 
outputs are generated with a plurality of analog inverters. 

4. The circuit of claim 3 wherein said plurality of analog 
inverters comprise a plurality of current sources for limiting 
the current available to the inverter and a plurality of 
capacitive circuit elements for reducing the slew rate of said 
plurality of analog inverters. 

5. The circuit of claim 1 wherein said first switch, second 
switch, third switch, and fourth switch each comprise a 
transistor. 

6. The circuit of claim 5 wherein said transistors comprise 
MOSFET transistors. 

7. A current amplifier circuit comprising: 

a nulling operational transconductance amplifier having 
an non-inverting input, having a inverting input, having 
an offset adjustment input, and having a current output; 

a first capacitor having a first plate connected to the offset 
adjustment input of said nulling operational transcon- 
ductance amplifier and having a second plate connected 
to a voltage reference; 

a main operational transconductance amplifier having an 
non-inverting input connected to a first input voltage, 
having an inverting input connected to a second input 
voltage, having an offset adjustment input, and having 
a current output; 

a second capacitor having a first plate connected to the 
offset adjustment input of said main operational 
transconductance amplifier and having a second plate 
connected to the voltage reference; 

a first switch having a conductive path between the 
second voltage and the non-inverting input to said 
nulling operational transconductance amplifier, and 
having a control element; 

a second switch having a conductive path between the 
non-inverting input of said nulling operational 
transconductance amplifier and the inverting input of 
said nulling operational transconductance amplifier and 
having a control element; 

a third switch having a conductive path between the 
output of said nulling operational transconductance 
amplifier and the offset adjustment input of said nulling 
operational transconductance amplifier and having a 
control element; 

a fourth switch having a conductive path between the 
output of said nulling operational transconductance 
amplifier and the offset adjustment of said main opera- 
tional transconductance amplifier and having a control 
element; and 

a means for controlling said first, second, third and fourth 
switches, having a clock input for receiving a clock 
signal, having a first output connected to the control 
element of said first switch, having a second output 
connected to the control element of said second switch, 
having a third output connected to the control element 
of said third switch, and having a fourth output con- 
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nected to the control element of said fourth switch, for 
causing said first, second, third, and fourth switches to 
conduct current such that the current amplifier circuit is 
chopper stabilized; 
wherein said means for controlling said first, second, third 
and fourth switches controls said first, second, third, 
and fourth switches in four phases in accordance with 
the following table: 





1st Switch 


2nd Switch 


3rd Switch 


4th Switch 


1 


off . 


on 


on 


off 


2 


on 


on 


off 


off 


3 


on 


off 


off 


OD 


A 


on 


on 


off 


off 



10 



15 



20 



8. A current amplifier circuit comprising: 

a nulling operational transconductance amplifier having 
an non-inverting input, having a inverting input, having 
an offset adjustment input, and having a current output; 

a first capacitor having a first plate connected to the offset 
adjustment input of said nulling operational transcon- 
ductance amplifier and having a second plate connected 
to a voltage reference; 

a main operational transconductance amplifier having an 2 5 
non-inverting input connected to a first input voltage, 
having an inverting input connected to a second input 
voltage, having an offset adjustment input, and having 
a current output; 

a second capacitor having a first plate connected to the 
offset adjustment input of said main operational 
transconductance amplifier and having a second plate 
connected to the voltage reference; 

a first switch having a conductive path between the 
second voltage and the non-inverting input to said 
nulling operational transconductance amplifier, and 
having a control element; 

a second switch having a conductive path between the 
non-inverting input of said nulling operational 
transconductance amplifier and the inverting input of 
said nulling operational transconductance amplifier and 
having a control element; 

a third switch having a conductive path between the 
output of said nulling operational transconductance 
amplifier and the offset adjustment input of said nulling 
operational transconductance amplifier and having a 
control element; 

a fourth switch having a conductive path between the 
output of said nulling operational transconductance 
amplifier and the offset adjustment of said main opera- 50 
tional transconductance amplifier and having a control 
element; and 

a means for controlling said first, second, third and fourth 
switches, having a clock input for receiving a clock 
signal, having a first output connected to the control 55 
element of said first switch, having a second output 
connected to the control element of said second switch, 
having a third output connected to the control element 
of said third switch, and having a fourth output con- 
nected to the control element of said fourth switch, for 60 
causing said first, second, third, and fourth switches to 
conduct current such that the current amplifier circuit is 
chopper stabilized; 

wherein said means for controlling said first, second, third 
and fourth switches comprises a plurality of analog 



30 



35 



40 



45 



outputs for controlling said first, second, third, and 
fourth switches. 

9. The circuit of claim 8 wherein said plurality of analog 
outputs are generated with a plurality of analog inverters. 

10. The circuit of claim 9 wherein said plurality of analog 
inverters comprise a plurality of current sources for limiting 
the current available to the inverter and a plurality of 
capacitive circuit elements for reducing the slew rate of said 
plurality of analog inverters. 

11. Tlie circuit of claim 7 wherein said first switch, second 
switch, third switch, and fourth switch each comprise a 
transistor. 

12. The circuit of claim 11 wherein said transistors 
comprise MOSFET transistors. 

13. A method for reducing the offset current of a current 
amplifier circuit comprising the steps of: 

in a first phase, connecting a non-inverting and an invert- 
ing inputs of a nulling operational transconductance 
amplifier to each other and connecting an output of the 
nulling operational transconductance amplifier to an 
offset adjustment input of the nulling operational 
transconductance amplifier and to an offset adjustment 
input of a main operational transconductance amplifier; 

in a second phase, connecting the non-inverting input of 
the nulling operational transconductance amplifier to a 
non-inverting input of the main operational transcon- 
ductance amplifier and disconnecting the output of the 
nulling operational transconductance amplifier from 
the offset adjustment input of the nulling operational 
transconductance amplifier; 

in the third phase, disconnecting the inputs of the hulling 
operational transconductance amplifier and disconnect- 
ing the output of the nulling operational transconduc- 
tance amplifier from the offset adjustment input of the 
main operational transconductance amplifier; 

in the fourth phase, disconnecting the non-inverting input 
of the nulling operational transconductance amplifier to 
the non-inverting input of the main operational 
transconductance amplifier and connecting the output 
of said nulling operational transconductance amplifier 
to the offset adjustment input of the hulling operational 
transconductance amplifier; and 

repeating phases one, two, three, and four, at a predeter- 
mined frequency; 

wherein each of the steps of connecting one element to 
another further comprise the steps of driving a transis- 
tor to a state of conduction; and 

wherein each step of driving a transistor to a state of 
conduction further comprises driving said transistor 
with an analog signal. 

14. The method in claim 13 wherein each step of driving 
a transistor to a state of conduction further comprises driving 
said transistor with an analog inverter. 

15. The method in claim 13 wherein the steps of discon- 
necting one element to another further comprise the steps of 
driving a transistor to a state of non-conduction wherein the 
step of driving a transistor to a state of non-conduction 
further comprises driving said transistor with an analog 
signal. 
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